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CORRELATION OF PREDICTED AND EXPERIMENTAL LATERAL 
OSCILLATION CHARACTERISTICS FOR 
SEVERAL ATRPLANES 


By Donovan R. Heinle and Walter E. McNeill 
SUMMARY 


An investigation of the accuracy of & presently used method for 
predicting the dynamic lateral oscillatory characteristics of airplanes 
has been made. This study involved the comparison of contrals-fixed 
flight-test data from several current fighter-type jet airplanes with 
the calculated values of period and damping for these airplanes. These 
calculations were made from geometric and mass characteristics and aero- 
dynamic derivatives derived from geometric characteristics and wind- 
Tunnel data. 


For the airplanes included in this investigation, it was found that 
the dynamic lateral oscillatory characteristics could be predicted with 
reasonable accuracy by use of the geometric and mass characteristics and 
static wind-tunnel date. Where discrepancies did exist between experi- 
mental and calculated data, they were attributable to control motion or 
to parameter inaccuracies in the calculations. It was found that, for 
airplanes involving deviations from the conventional configurations, 
special techniques for obtaining the dynamic derivatives such as dynamic 
wind-tunnel tests are advisable. 


INTRODUCTION 







With the increasing complexity and cost of the modern airplane, it 
becomes desirable to predict as far as possible in advance of its com- 
pletion approximately what the flight stability characteristics will be. 
nus any expected deficiencies may be noted and the possible correction 
may be applied early in the development and construction of the airplane 
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to minimize time loss and expense. The extension of flight to the higher \ 


altitudes and speeds experienced in recent years has made it an increas- 
ingly greater problem to produce aircraft that perform within the limits 
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| stability characteristic 
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The purpose of this Е сю каче. wag px find ifa а, currently used 
method of calculation of the lateral oscillation characteristics of an 
airplane is sufficiently accurate. This study concentrated on the short 
period oscillation, commonly referred to as the “Dutch roll" mode, and 
did not include the investigation of snaking which might appear on some 
aircraft. The calculated values of period and time to damp to half | 
amplitude of the lateral oscillations (controls held fixed) were compared 
with experimental flight-test values to see how closely these motions 
could be predicted. Any discrepancies which appeared between caiculated 
and experimental data were examined for possible causes such as aero- 
elasticity, unknown Mach number or altitude effects, aerodynamic lag, or 
incomplete derivative estimation. 


It was decided to concentrate, in this investigation, on the smaller 
fighter-type airplanes presently flying. At the beginning of the inves- 
tigation published data were not complete on most of the aircraft. 
Therefore, it became necessary to gather flight data from the manufac- 
turers of the individual airplanes. In addition, wind-tunnel, geometric, 
and mass data for the comparable configuration were requested. The 
flight data used were obtained from tests conducted by the Armed Services, 
by the manufacturer, and by the NACA. The wind-tunnel data with the 
inertia and geometric characteristics were analyzed by a more or less 
standard calculation procedure. 


The methods of calculation and the results of this survey are 
reported herein. 


DESCRIPTION OF AIRPLANES 


Geometric and mass characteristics and aerodynamic derivatives for 
each airplane studied are listed in table 1 for two altitudes and one 
Mach number. Two-view silhouettes are presented in figure 1. 


The airplanes studied have jet engines. Airplanes A, D, E, F, and 
H are twin engined, while the rest have single engines. As can be seen 
in figure 1, the nine airplanes exhibit a variety of wing plan forms and 
fuselage shapes. Airplanes A, C, D, and E have straight wing and tail 
surfaces. The vertical stabilizer of airplane C has & swept-back leading 
edge. Airplane B has straight surfaces except for the horizontal tail, 
which is swept back 359. Airplanes F, G, and H have all surfaces swept 
back approximately 35°. Airplane H is a semitailless design having no 
horizontal tail surfaces and with vertical surfaces on the wing.  Air- 
plane I has an inverse taper. wing swept back 40° at the midchord line. 


bo s di 
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Its horizontal and vertical tail surfaces are swept back 40° and 33°, 
respectively. Airplanes A, B, and G have low wings; airplanes C and F 
à have low midwings; airplanes D, Н, ала I have midwings; and airplane E 
has а high midwing. Six of the airplanes (A, C, F, б, Н, and I) are 
single-seat cee ey B, D, and E are two-seat night or all-weather 
Pighters. 


PROCEDURE 


Data Compilation 


The flight data available from reports by the Armed Services and 

NACA were not sufficient to conduct an adequate survey. Consequently 

the manufacturers of each airplane were contacted to obtain the neces- 

sary information. The manufacturers were requested to furnish flight 

data of the type desired and information on the mass and geometric char- 
a acteristics and wind-tunnel tests comparable to those of the test vehicle. 
The wind-tunnel test results were available in reports (some unpublished) 
from the NACA and other wind-tunnel facilities. The desired flight-test 
information was requested to be in the form of time histories of controls- 
fixed lateral oscillations at several altitudes over a range of speeds. 
These time histories were to furnish, more apecifically, the period and 
time to damp to half amplitude of the lateral oscillations. 


The manufacturers furnished flight data together with static wind- 
tunnel data and geometric characteristics for airplanes A, C, D, E, F, 
and Н. Additional flight data were obtained from Armed Services reports 
for airplanes C and D. Wind-tunnel data and geometric characteristics 
were furnished for airplanes B, G, and I by the manufacturers. Flight 
data for airplane B came from Armed Services reports and for airplanes 
G and I from NACA tests. 


Calculations 


4 - 

Appendix A presents a complete list of the symbols used in the cal- 
culations and the presentation of the data. Figure 2 shows the system 
of axes used for the calculations. The method of calculating the period, 
P, and the time to damp to half amplitude, Ту ,„, is outlined in detail in 
appendix B. References 1 through 4 were used to estimate the rotary 
stability derivatives, neglecting frequency effects (reference 5). 
Reference 6 was used to estimate the effect of Mach number on the rotary 
derivatives and the low-speed static stability derivatives. The airplane 

е was assumed to be rigid (по aercelastic еггесбә)› апа &ll controls were 
assumed fixed. 
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For additional methods of obtaining the lateral stability deriva- 
tives, see reference T. | 


RESULTS 


Comparison of the experimental and predicted values of period. and 
time to damp to half amplitude is shown for each airplane in figures 3 
through 11. The flight-test data are shown as individual points and 
calculated data are presented as curves. The altitudes range from 
8,000 feet to 35,000 feet. It will be noted that some flight-test point 
symbols are filled indicating controls-fixed data. This was done only 
when it was definitely known by records or other means that the control 
surfaces were fixed. Since’controls-fixed data had been requested for 
this investigation, they were assumed controls-fixed (indicated by the 
half-filled symbols) unless definitely known to be otherwise, as proven 
by control position records or by the method of test. If control move- 
ment was indicated, the symbols are open. EL MEM I | 


Most of the flight-test data available from the manufacturers had 
been gathered incidentally to other tests rather than from testing spe- 
cifically for controls-fixed lateral-oscillation characteristics. Ав а 
result, the data available for some of the airplanes were rather incom- 


No effort was made in this investigation to study snaking, a char- 
acteristic indicated by flight records of some of the airplanes at high 
altitudes. If the initial amplitude of the Dutch roll oscillation was 
large enough, the value of Ti/2 could be obtained and would be essen- 
tially independent of the snaking. Otherwise, only the period was 
recorded. 


DISCUSSION 


Based on the present and previous lateral stabilitysginvestigations, 
it appears that ability to predict controls-fixed period, P, and damping, 
1/T1 sos to within about +20 percent is sufficiently accurate to be use- · 
ful in the design of tactical aircraft. Consequently, this figure will 
be used to distinguish between satisfactory and unsatisfactory results . 
in the following presentation. | E 


Several factors determined this choice. It is doubtful that current 
or future flying-qualities requirements involving lateral-oscillation 
period and damping can define satisfactory and unsatisfactory behavior 
to any greater accuracy than +20 percent. Experience has indicated 
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(see reference 8, for example) that pilots generally do not discern or 
react to changes in period and damping of much less than +20 percent. 
Scatter in flight data can be attributed to smell variations in speed 
and altitude, recording inaccuracies, and errors or generalizations 
involved in data reduction. It has been found that this scatter can be 
held below +20 percent only in a carefully performed experiment. 


In figures 12 and 13 are plotted the values of measured period and 
damping (reciprocal of time to damp to half amplitude) egainst the pre- 
dicted values for each of the airplanes. Also shown on these plots are 
the lines of perfect agreement and +20 percent disagreement. Generally, 
it may be seen in figure 12 that the period could be predicted with 
reasonable accuracy. Їп figure 13, it may be noted that with the excep- 
tion of airplanes B, E, and I, the prediction of damping was satisfactory. 
The reasons for the poor correlation for these three airplanes will be 
discussed later. 


" Airplane А 


It may be seen in figure 3 that for this airplane the correlation 
between experimental and predicted period &t 10,000 feet altitude and 
time to damp to half amplitude at 10,000 and 30,000 feet is good. The 
comparison of experimental and predicted period at 30,000 feet altitude, 
however, shows poor agreement. А general increase of the predicted. curve 
by 30 percent would bring about good correlation. It is not known what 
caused this disparity between the measured and predicted data at 30,000 
feet altitude. Comparison with the data of the other airplanes included 
herein of similar configuration shows that the measured period of &ir- 
plane A increases by TO to 80 percent in going from 10,000 to 30,000 feet 
altitude; while the measured values of period for the other airplanes 
increase by only НО to 50 percent. This fact might cause doubt of the 
accuracy of the measured data except that the measured data available 
appear to be repeatable. There is the possibility that a moving free 
rudder could be the cause of the increase in period. 

е 


Airplane B 


The data available for airplane B were too sparse to provide a ready 
means of comparison between the predicted and measured values of period 
and damping. Figures 12 and 13 indicate good agreement among the values 
of period but poor correlation among the damping values. It will aiso be 
noted (see fig. à) that the damping decreases markedly in the low Mach 
number range. 
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At the time the calculations were made, wind-tunnel sideslip data 
were not available for the complete airplane configuration tested in 
flight. An increase of wing geometric dihedral to 7.0° for airplane B, ч 
ag compared with 3.69 for the preceding airplane of the series (for which 
low-speed wind-tunnel sideslip data were- available), accompanied by а 
reduction in wing thickness, required that corrections be made to dihedral 
effect, Cig. The low-speed values of Cng and Cy, were taken directly 
from the wind-tunnel data available and all rotary derivatives were com- 
puted by the methods of appendix B. eas | СБ 


The high dihedral.effect of this airplane is the main cause of the 
low damping present and is partly responsible for the poor correlation 
between the predicted and measured damping. 


Airplane C 


The correlation for the period and the damping is good at the oa 
10,000-foot altitude (fig. 5). Predicted and experimental values of О 
damping do not agree well at 30,000 feet. The measured values show ` WERE 
better damping than predicted. The scatter in the data is a little 
larger than usual, which could cause some of the discrepancy. 


Airplane D 


The data available for airplane D indicated good correlation (see 
figs. 6, 12, and 13). The test data for. damping at 30,000 feet (not 
shown) indicated considerable scatter and were considered unreliable for 
comparison. Most of the flight-test data were obtained with the gtick 
held fixed but with the rudder free. Small oscillations of.the rudder 
which were present could possibly be responsible for the slightly higher 
experimental times to damp to half amplitude as compared with predicted 
values. The necessity of actually having the rudder. locked during flight 
tests cannot be overstressed since even small oscillations in proper 
phase allowed by cable stretch from locked controls can change the damp- | = 
ing considerably (see reference 9, for example). 


Airplane E 


Ihe correlation of predicted and measured period of airplane E is 
generally satisfactory (figs. 7, 12, and 13). The damping correlation 
is not satisfactory. Figure 7 shows variations in the experimental date on 
which accompanied the noted changes in configuration during the mE 
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> flight-test program. This airplene, as tested, was subject to snaking 
Oscillations so that some of. the flight data for damping were unsatis- 
factory for comparison. 


The desirability of obtsining more extensive dynamic wind-tunnel 
data was demonstrated in the development testing of airplane E. When 
the early flight tests indicated that the damping was lower than pre- 
dicted, a model was placed in the tunnel by the manufacturer for further 
tests. This model was spindle mounted, permitting it to be oscillated 
in yaw. Tests of this arrangement also gave less damping than predicted 
from static wind-tunnel tests. Wake surveys subsequently made in the 
region of the tail showed that the fuselage was acting as a lifting sur- 
face in yaw, with vortices from the fuselage trailing near the tail. 

The high position of the vertical tail, however, placed it only in the 
upper part of this vortex flow, which is destabilizing, that is, it forti- 
fies the side flow in the direction in which the tail is moving. The 
destabilizing effect of the vortices could be reduced by use of a lower 
vertical tail position, an expensive problem in redesign after an air- 

= plane ів built. 


The above change in damping would. be more properly termed Сив 

- than a change in Cn, (see symbols, appendix A). In that case, the 
total damping-in-yaw derivative should include the effects of both 
Спу and Спа. In the calculations for airplane E, the results of which 
are shown in figure T, Cn, Was modified to include the approximate 
effect of Cng as indicated in appendix B. This modification increased 
the predicted values of time to damp to half amplitude by 38 to 89 per- 
cent. Plotted in figure 7 are curves of time to damp to half amplitude 
with Cn, modified and Cn, unmodified (dashed line) for one altitude 
(8,000 feet). b 


It would appear then that care in estimating the rotary damping in 
yaw must be exercised if accurate values аге to be computed, especially 
if the static wind-tunnel tests indicate the presence of large sidewash 
variations at the vertical tail. 


Airplane F 


The majority of the flight-test points available for airplane F 
(fig. 8) were at 10,000 feet altitude. These indicate a slightly shorter 
period and slightly longer time to damp to half amplitude than the cal- 
culated values. Generally, there is good agreement between predicted 
and measured values of period and damping for the three altitudes shown 
(see figs. 12 and 13). Some of the flight-test points for damping were 
^ not plotted due to incomplete or too short time histories available. 


7 Ey 
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Airplane G : 


Airplane б shows very good correlation between predicted and meas- 
ured values of period (see fig. 12). Generally, the correlation of `- - 2 72 
damping is good (fig. 13) with a few points falling outside the +20 per- 
cent boundaries. It may be seen jn figure 9 that most of these points | 
аге at the limits of the scatter present. А more complete description qom 
of the correlation between predicted and measured lateral stability 
characteristics for airplane б may be found in reference 1C. 


Airplane H | т 


The six experimental test points available for airplane H (fig. 10) 
indicate fairly good &greement between the predicted and measured values 
of period and damping. These few flight-test points, however, аге too 
sparse to provide a definite comparison. . | 0 = 


Airplane I * 


Reference to figure 11 shows, for airplane I, marginal agreement 
between measured and calculated values of period. The prediction of 
time to damp to half amplitude ів poor. Predicted values of the period 
are somewhat lower than the flight results over the entire Mach number 
range for the altitudes of 10,000, 20,000, and 30,000 feet, with a maxi- 
mum disagreement of —20 percent. The predicted variation of T/a with 
Mach number is generally in poor agreement with experimental results, 
and shows an over-all decrease with increasing Mach number much greater 
than is shown from flight tests. At 20,000 and 30,000 feet, the agree- 
ment between measured &nd calculated damping is very poor, particularly 
in the low Mach number range tested &t each altitude. At 30,000 feet, 
for example, at а Mach number of 0.55, the calculated value of Tı/2 is 
approximately 100 percent greater than the experimental value. Because 
of the unusual configuration of this airplane (swept, inverse-tapered 
wing, and short tail length), it is likely that present methods of сош- 
puting the rotary derivatives (Ср, Cur, etc.) from static wind-tunnel 
data and geometric characteristics are not applicable. Period апа time А 
to damp to half amplitude were recomputed for the range of Mach numbers T" 
considered at 10,000.feet, neglecting Сп. The results of these cal- 
culations are presented in figure 11 and show good agreement between 
predicted and expérimental damping at the lower iach numbers, indicating 
that Cnp may be much smaller in magnitude throughout the lift coeffi- 
cient range than was computed. Direct measurement of the rotary deriv- à 
atives in curved- and rolling-fiow stability tunnels would probably 
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j furnish data more reliable. for use in calculating the damping of this 
airplane. | i 


CONCLUDING REMARKS 


Where a sufficient (enough to show repeatability) number of good 
flight-test points were available, the correlation of predicted and 
measured lateral-oscill&tion characteristics was usually satisfactory 
for the smaller fighter-type jet airplanes investigated. In all cases 
studied, the order of magnitude of the damping could be predicted. In 
general, the prediction accuracy with regard to the damping was much 
greater for well-damped airplanes, indicating the error may be a given 
uncertainty rather than a given percentage. 


A configuration with which the designer is familiar, such as one 
having only slight changes from previous airplanes, may have its lateral 
E characteristics calculated fairly accurately by this method. However, 
а radical change in a model or а new configuration makes more extensive 
wind-tunnel tests highly desirable and in many cases necessary. These 
Б tests should include at least determination of Cn; and Cng as well as 
the usual static data. Good experimental values of the other rotary 
derivatives are also desirable. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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APPENDIX A. 


SYMBOLS 


The stability system of axes used in this investigation is defined 
as an orthogonal system having its origin at the center of gravity and 
in which the X axis extends along the flight path, the 2 axis is in the 
plane of symmetry and perpendicular to the X axis, and the Y axis is 
perpendicular to the plane of symmetry. See figure 2, 


b wing span, feet 
lw wing incidence, degrees 
ГА distance of center of pressure of vertical tail aft of the 
Z axis, feet 
m mass, slugs 
p rolling angular velocity about the X axis, radians per second 
q dynamic pressure ( ev ) , pounds per square foot 
r yawing angular velocity about the Z axis, radians per second 
t time, seconds 
Z distance of center of pressure of vertical tail from X axis, 


positive when center of pressure is above X axis, feet 


L rolling moment about X axis, foot—pounds 

M Mach number 

N yawing moment about Z axis, foot—pounds 

P period, seconds 

S wing area, square feet 

T;/5, time for amplitude of oscillation to decrease by one-half, seconds 
V velocity, feet per second MM EM 
W weight, pounds 

X lateral force along Y axis, pounds 


ии 


^". 
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7 с, angle of attack of fuselage reference line, degrees 
А В angle of sideslip, radians 
y angle between flight path апа horizontal, degrees 
€ angle between reference axis and principal longitudinal axis, 
positive when the reference axis is above the principal axis 
at the nose, degrees 
T) inclination of the principal longitudinal axis of the airplane 
with respect to the flight path, positive when the principal 
axis is above the flight path at the nose, degrees 
u relative density factor (= ) 
р mass density of sir, slugs per cubic foot 
с sidewash angle, positive for positive side force, radians 
* angle of bank, radians 
angle of yaw, radians 
C lift coefficient ( lift 
L | qs 
С? rolling-moment coefficient СЕ 
q 
Cn yawing-moment coefficient (S) 
Cy lateral—force coefficient t 
c, 3€ 
lg 38 
C ea 
ng В 
e 3C, 
ш: Ә(ав /а%) 
Cy 
“Ya — "38 
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ас, 
Әд(юъ/гү) 


3C, 


(pb /2V) 


No 
3(pb/av) 


8с; 
a (rb /2V) 


3C, 
(rb /2V) 


ly 


a (rb /ev) 


radius of gyration in roll about principal longitudinal axis, feet 


radius of gyration in yaw about principal vertical axis, feet 


“Xo 


b 


Ez 
b 


nondimensional radius of gyration about longitudinal stability 


exis (W Kx,* cos? n + Кш” sin? т) 


nondimensional radius of gyration about vertical stability 


axis (A/ Kz 2 cos? п + Kx 2 sin? т .) 


nondimensional product—of—inertia parameter 


(К. 7 — Kx,7) сов т sin n] 
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APPENDIX B 
А CALCULATION METBODS 
In making the calculations of this investigation, the airplane was 
treated as a rigid body and values of period and damping were Pound by 
use of the following three linearized nondimensional equations of lat— 
eral motion referred to the stability system of axes: 
Roll 


. 2e 
(аше 2 1 с, D) ә + (азал - 5с D) Y- (х) Cig B = 0 


Yaw 
А - 2 
Sideforce 
-$ cD -$ Cr) ot (а - $02)» - Een ten r| ¥ (o - $ex )в=о 
Ф 
where А 
TN. M 
A dt 


By use of these equations the stability quartic was obtained. This 
was solved by synthetic division to obtain values of the period and time 
to damp to half amplitude as follows: 


On -0.6 
E =- 5 Ti/s2 = 2-223 


where а апа b are the real and imaginary parts of the complex roots, 
respectively. The data to ascertain the coefficients of these equations 
were supplied partially by the manufacturers concerned and partially by 
normal methods of computation from basic data. The weight and mass data 
were obtained from the manufacturers together with values of the static 
lateral stability derivatives (C ip? Сав; Ств) which Һай come from 


wind—tunnel tests of the model most closely representing the airplane 


є 
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upon which flight tests were made. The rotary or dynamic derivatives 
were obtained by NACA methods of calculation (outlined herein) using the 
static derivatives and the airplane geometric characteristics as a base. 
The derivatives could be approximated by considering the geometric 
theory alone, but the results of wind—tunnel tests provide more accurate 
data to use. Recent wind—tunnel tests using rotary balances or curved 
or rolling flow have been successful in providing empirical data useful 
for specific configurations. 


For these calculations no attempt was mate to include a fuselage 
effect. It is usually considered negligible for conventional airplanes. 
Therefore, the contributions of the wing and the vertical and horizontal 
tails to the various derivatives were obtained and then algebraically 
added. Generally, the equations of reference 1 modified for Mach number 
effects by the methods of reference 6 were found to give reasonable 
results for the wing contribution, 


Damping in Roll, С 


The values of both the wing and horizontal tail contributions 
to C 1р Were obtained by the methods of reference 2. The charts pre— 


sented in that reference provided a rapid means of estimation for wide 
ranges of aspect ratios, taper ratios, and positive and negative sweep 


angles. 


Ihe vertical tail contribution to Czo as well as ба and Сүр 
was estimated by the equations presented in reference 4 as follows: 


І E z La 2 Ё = dc 
C lp, Стр. (s сов а Een а )[a(z cos а p tin а) S | 


In this equation, d0/d(pb/2V) is termed the "sidewash factor." 
Values of this factor found to apply over a moderate range of angles of 
attack and for wings with and without sweep and a further discussion may 
be found in reference 3. Generally, it was found that the introduction 
of this sidewash factor served to reduce the vertical tail contribution 
so that С for the total airplane could be approximated by the value 


of Cis for the wing alone, Values of CY, in this and the following 
t . 
equations were obtained from wind—tunnel data. 


Security Classification of This Report Has Been Cancelled 


МАСА RM A52JOÓ 7 [ud 15 


Yawing Moment Due to Rolling, Cnp 


The contribution of the wing to Съ was determined by the methods 


of reference 1. These values were further corrected for Mach number 
effects by equation (3) of reference б. The horizontal tail contribution 
was considered negligible. The vertical tail contribution was determined 
by the following equation from reference l: 


i 


= ® i ® _ 1} _ 9° 
Сар <1, (3 sin @ + T cos «) Be cos с x sin а) SE | 


Side Force Due to Rolling, Сүр 


Р The side force due to roli of the wing is dependent upon the sweep. 
Straight wings are assumed. to have no, or negligible, side force due to 


roll. Swept wings do contribute a value to this derivative. Values for 

к the wing were ained from the methods of references 1 and 6; the hori— 
zontal tail was neglected. The following equation of reference Н was 
used to estimate CYp due to the vertical tail: 


= 2 a — Ё - 
Суру. Сүр, Е (2 сов. — = sin a) S | 


In the calculations for several of the airplanes included herein, 
values of Сүр and Cy. were not calculated or used since they have a 


negiigible effect on the period. and. damping. 
Rolling Moment Due to Yawing, C. 


The horizontal tail was neglected in obtaining the yawing dynamic 
derivatives, The contribution of the wing to Ст. was obtained by means 


of references l ani 6. The vertical tail contribution was obtained by 
the following formula (reference 11): 


[А 2, { 
c = -2 2| 2-—--sina) С 
lri ага b ) IB 


-= 


шс сга ттн 
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Damping in Yaw, Cn. 


No Mach number correction was applied to the values of Cy, for 
the wing as obtained from reference 1. The vertical tail contribution 
to Cn, was obtained by the following formula (reference 11): 


„ә. Ll 
“nn, = 2( "TRE 


As noted in the discussion, the damping of airplane E was found to 
be less than that calculated by use of static wind—tunnel data.  Conse— 
quently, for the study of this airplane, the calculated value of Сту 


for the total sirplane, аї а given Mach number and Ст, was reduced in 
magnitude by an amount equal to the difference between Съ, ав calcu- 
lated and Cnr, as obtained.-fn the wind—tunnel tests of the spindle— 
mounted model of airplane E. The difference between Cur, as calcu— 
lated and as measured in the wind tunnel is approximately equal to Сод. 


These modified values of Cn, were used to obtain the predicted curves 
of figure 7. 


Side Force Due to Yawing, Cy; 


The wing contribution to Cy, was obtained by the method of refer— 
ence 1 with no Mach number correction. Vertical tail values of Cr, 
(reference ll) were obtained by: 


L 
бүг," =o CIB 


t 


It should be noted that the success of these calculations in pro- 
ducing good values of the rotary derivatives is dependent upon accur&te 
Static wind—tunnel data. 
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TABLE I.- PARAMETERS USED IN CALCULATIONS FOR AIRPLANES INVESTIGATED 
AT TWO ALTITUDES AND ONE MACH NUMBER 
[M = 0.50] 


-Q,0€h| -0,036] -0.170 
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Figure l.- Two-view silhouettes of the nine airplanes investigated. 
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Figure 2.— System of axes and angles used in calculations. Arrows 
indicate positive values of forces, moments, and angles. 
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Figure 3.— Variation of period and time to damp to half amplitude 
: with Mach number for airplane А. 
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Figure 4.—- Variation of period and time to damp to half 
amplitude with Mach number for airplane B. 
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Figure 5.- Variation of period and time to damp fo 
half amplitude with Mach number for airplane C. 
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Figure 6.- Variation of period and time to damp fo half 
amplitude with Mach number for airplane D. 
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Figure 7.-Variation of period and time fo damp to half 
amplitude with Mach number for airplane E. 
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Figure 8.- Variation of period and time to damp fo half amplitude 
with Mach number for airplane F. 
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" Figure 9.- Variation of period and time to damp to half amplitude 
with Mach number for airplane G. 
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Figure /0.-Variation of period and time to damp fo half amplitude 
with Mach number for airplane M. 
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Figure /l.-Variation of period and time to damp to half 


amplitude with Mach number for airplane J. 
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Filled symbols indicate controls known fixed 
Half-filled symbols indicate controls assumed fixed 
Open symbols indicate one or more controls moving 
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Figure /2.- Comparison between experimental and calculated period 
for the nine airplanes investigated. 
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Filled symbols indicate controls known fixed 
Half- filled symbols indicate controls assumed fixed 
Open symbols indicate one or more controls moving 
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Figure / 3.- Comparison between experimental and calculated damping 
for the nine airplanes investigated. 
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